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PauleyandWu’s (1990,hereafterPW9O)thorough
analysisof the widely usedobjectiveanalysisscheme
developedby Barnes(1964, 1973) is, in my opinion,
a significant contribution to understandinghow the
schemerespondsto the analysisof discretelyspaced
datadistributedin two dimensions.Becausethe PW9O
papershouldbe frequentlycited by studentsof objec-
tive analysis,I wish to clarify a referenceto the deri-
vation of responsetheory in Achtemeier(1987, 1989;
hereafterA87, A89) that appearsin PW9Obecauseit
couldbemisleadingto readers.At theendofthesecond
paragraphon page 1151 of PW9O thereappearsthe
followingstatement:‘The responsecurve for -y = 1 is
alsoincludedin Fig. 3 for comparison.Thisis thecurve
that results after one iteration of the Barnes(1964)
schemeandis the valueAchtemeier(1987, 1989)ad-
vocatesasoptimal, althoughhe usesit in a three-pass
versionof thescheme.”

The curvelabeled-y = 1 that appearsin PW9O Fig.
3 (PW9O Fig. 3 is reproducedin Fig. I) is not the
responsecurve derivedby A87 or A89 for comparable
objectiveanalyses.The reasonis thatA87 useda fun-
damentally different approachto analysis with the
Barnesmethod.I suspectthe reasonfor PW9O’s mis-
conceptionis that I failed to adequatelydescribemy
methodologyin A87.Therefore,in theparagraphsthat
follow, 1 attempttodescribemoreclearlythedifferences
betweenthe approachof A87 and A89 and that of
Barnesandothers.

The Barnesmethod allows two degreesof freedom
in the selectionofweight functionparameters,namely,
4k0(A0 in PW9O)and-y. Thereexistaninfinite number
of combinationsofthesetwo parametersthat analysts
canchoosetodo anobjectiveanalysis.(Many of these
combinations, however, are not advised.) Barnes
(1973)madethe problem tractableby fixing 4k0 to
producea smooth initial passand deriving the final
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responseforeachwavelengthasa function of-y. Other
investigators(Kochetal. 1983;SmithandLeslie 1984;
Smithetal. 1986;PW9O)followedthesameapproach
(PW9O normalizedby A0 effectively removingthe de-
greeof freedom).

A87 restoredthe two degreesof freedom in the
Barnesmethodby makingboth 4k0 and -y variable.
Thento makethe problemtractable—andstill allow
for two degreesof freedom—A87comparedsets of
analysesfor which the final responsesat a reference
wavelengthwerealwaysthesame.(SeeTables1—4 and
Fig. 2 of A87.) To keepthe final responsesat the ref-
erencewavelengthequalto aconstant,it wasnecessary
to reduce4k0 while increasing-y or to increase4k0
while decreasing-y. (Thisapproachcontrastswith that
of Barnes,PW9O,and otherswho hold 4k0 constant
while varying-y.)

A87 found that if optimal is definedas thecombi-
nation of weightfunction parametersthatbestrestore
desiredwavelengthsand best filter undesiredwave-
lengths,theoptimalchoicefor theweight function pa-
rameter-y is 1. Then, onceoptimality for short but
resolvablewavelengthshadbeendetermined,A87 re-
movedadegreeof freedomby specifying-y = 1.There-
fore, A87 fixed -y and allowed 4k0 to vary, whereas
Barnesandothersremovedthe degreeof freedomby
fixing 4k0 andallowing ~yto vary.

However,therewasa trade-offwhenA87 wastested
with regularly and irregularlyspaceddata.By using y
= 1, A87 hadto reduce4k0to produceatthereference
wavelengththe samefinal responseobtainedby the
two-passBarnesmethodwith smaller-y. Thiscoststhe
analysisthe benefit of the smooth initial passof the
two-passmethod.A87 analyseswith regularly andir-
regularly spacedsamplesof monochromaticwaves,
though showing significant improvementat shorter
wavelengths,wereslightly degradedfor longerwave-
lengths.Thedisparitiesweresmall,rangingfrom 0.5%
to 1.7%of the amplitudeof the wave,anddepended
upon theirregularity ofthe datadistribution.

A89 combined the best of the two-passBarnes
methodwith thebestofA87 intoathree-passobjective
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analysis.Thethree-passmethodfollowsa verysmooth
initial passwith two passeswith ~y= 1 to optimize
resolvable short wavelengths.A89 showed that the
three-passversion indeed producesthe desired im-
provements.In addition, therewasfound markedim-
provementin derivativescalculatedfrom fieldsof data
obtainedby the three-passversion.PW9O’s reference,
“although he uses it in a three—passversion of the
scheme,”is to this three-passmethod.

Figure3 of PW9Ois reproducedin Fig. 1. Notethat
thesame4k0 wasusedto calculateeachcurve.Only
-y varies.Figure2 reproducesthe y = 0.2 and-y = 0.4
curvesfrom Fig. I andoverlaysthemwithcomparable
responsecurves calculated from A89 with ~y =

(dashedlines).Notethat thesecurvesare notthesame
asthe-y = 1 curve producedby PW9O andattributed
to A87 andA89.The PW9OandA89 curvesarecom-
parableat thereferencewavelength,A = 2, wherethe
responsesareequal.Elsewhere,theA89 analysesrestore
more(less)of the wavelengthsgreater(less)than the
referencewavelength.

PW9O representsa significantstepinunderstanding
the“real world” responseoftheBarnesobjectiveanal-
ysis method.Fortwo reasons,I encouragePauleyand
Wu to do a similar analysisof the three-passmethod
ofA89. First,A89 selecteda first-passweight function
parameterto makethe first-passresponsesmall at the
referencewavelength.Thisselectionwasnotguidedby
theoreticalconsiderationsbutwasdoneso that the re-
sultsofA87 couldbedirectly transferredintoA89.For
example,if thefirst-passresponseisD1 andthesecond-
passresponseis D2, then the two-passfinal response
usingA87 with y = I is

Similarly, thefinal responsefor thethree-passmethod

of A89 is

Df3= 1 —(1 —Do)(l —D1)
2.
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FIG. 2. Selectedresponsecurvesfrom PW9O (solid lines) and
comparableresponsecurvesfor thethree-passmethodof A89(dashed
lines).

If the smooth initial pass,with responseD
0, is large

enoughto restorelong wavelengthsyet small enough
at the referencewavelengthto benegligiblerelativeto
one,thentheresultsofA87 maybedirectlytransferred
into A89.Still betteranalysesmaybe obtainablewith
weight function parameterssetto producenonnegli-
gible first-passresponseandthe cumulativeresponses
ofthesecondandthird passesreducedcommensurately
to yield the desiredfinal responseat the reference
wavelength.

Second,althoughA89 verified thethree-passmethod
with continuumresponsetheoryandconfirmedit with
analysesof realdata, ananalysisof A89 with PW9O’s

(I) methodswould go far in showinghow A89 responds
to the analysisof discretelyspaceddatadistributedin
two dimensions.
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FIG. I. Thesecond-passtheoreticalresponseR, for ID fields for
theconvergenceparameter-y equal to 0.2, 0.33,0.4, and1.0 (repro-
ducedfrom PW90,Fig. 3).
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